Cytochrome oxidase activity in the enamel organ during amelogenesis in rat incisors.
Cytochrome oxidase (CO), one of the membrane-bound mitochondrial enzymes involved in oxidative phosphorylation, reflects the functional activity of mitochondria. Mitochondria in the enamel organ show drastic changes in localization during amelogenesis (Smith. INSERM, 1984;125:273-282). In understanding the functional aspects of the enamel organ, it is essential that one knows the exact CO activity in the respective mitochondria. The present study examines the CO activity of mitochondria in the enamel organ of rat incisors throughout the various stages of amelogenesis using light and transmission electron microscopy. CO activity was examined histochemically according to Seligman et al. (J. Cell. Biol., 1968;38:1-14) in decalcified sections of the upper and lower incisors of the rat. In the secretory stage, half of the mitochondria in the ameloblasts accumulated in the infranuclear region were reactive for CO. Both the population and CO activity of the infranuclear mitochondria of ameloblasts decreased significantly in the later stage where the enamel matrix secretion was almost complete. The CO-reactive mitochondria in the cells of the stratum intermedium (SI) gradually increased in number throughout the secretory stage. In the maturation stage, the ameloblasts contained intensively CO-reactive giant mitochondria in the proximal region and regular sized ones in the distal cytoplasm that were mostly devoid of detectable CO reactivity. The proportion of CO-reactive mitochondria in the supranuclear region and the population of mitochondria in the infranuclear regions of the smooth-ended ameloblasts were significantly higher as compared with the respective values in the ruffle-ended ameloblasts. In the late stages of enamel maturation, ameloblasts containing a large number of ferritin-filled pigment vesicles possessed numerous CO-reactive mitochondria between those vesicles in the supranuclear region, implicating an active role of the ameloblasts in iron transfer into the maturing enamel. The papillary layer cells possessed numerous intensively CO-reactive mitochondria throughout the maturation stage. A stage-related variation in the localization of CO-reactive mitochondria in the enamel organ of rat incisors was quantitatively demonstrated. It is conceivable that maturation stage ameloblasts form a functional unit with the papillary layer cells, and operate in energy-requiring events such as active ion transport to, and water and matrix protein removal from the maturating enamel. A sign of such functional integrity among the types of the enamel organ cells (ameloblasts, cells of SI, cells of stellate reticulum, and outer enamel epithelial cells) cannot be seen in the secretory stage. The secretory ameloblasts may function in matrix formation and calcium regulation in a less cooperative manner with the other cells of the enamel organ as compared to the maturation stage ameloblasts.